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The  changes  in  the compositions  of  essential  oils  (EOs)  from  the  aerial  parts  of Thymus  daenensis  were
determined  at different  temperatures  and  storage  times.  The  EOs  of  air-dried  samples  were  obtained  by
hydrodistillation  and  analysed  by gas  chromatography  (GC)  and  gas  chromatography/mass  spectrometry
(GC/MS).  Changes  of  EO compositions  were  detected  during  storage  for 3  months  in  refrigerator  (4 ◦C),
freezer  (−20 ◦C),  and  at  room  temperature.  The  results  indicated  that at room  temperature,  the  propor-hymus daenensis
torage conditions
O
hymol
arvacrol
tions  of  compounds  with  lower  boiling  temperatures  such  as  -pinene  (4.3–0.5%),  -terpinene  (1.8–0.5%)
and  myrcene  (1–0.4%)  along  with  -terpinene  (10.1–4.7%)  and  p-cymene  (8.3–4.7%)  as  thymol  and  car-
vacrol  precursors,  were  decreased.  However,  the  amounts  of  thymol  and  carvacrol  considerably  increased
by 26.6  and  23%  after  3 months,  respectively.  Increasing  of  thymol  and  carvacrol  by storage  at  room  tem-
perature  represents  an  increase  in  the oil quality  index.  Furthermore,  the  oil compositions  showed  the
least  alterations  and  kept  the  primary  quality  when  stored  at low  temperatures,  particularly  at  −20 ◦C.
e Aut© 2013 Th
. Introduction
The main class of substances used in aromatherapy are EOs,
hich are obtained from various aromatic parts of plants by dif-
erent methods such as hydro and steam distillations or cold
ressing. EOs and extracts of various species of edible and medic-
nal plants, herbs, and spices constitute of very potent natural
iologically active agents (Nychas et al., 2003). Use of EOs as antimi-
robial agents in food systems may  be considered as an additional
ntrinsic determinant to increase the safety and shelf life of foods
Koutsoumanis et al., 1998; Skandamis and Nychas, 2000). Varia-
ion in chemical composition of EOs, in particular, and extracts of
edicinal plants may  be observed due to the origin, the environ-
ental conditions, and the developmental stage of collected plant
aterials (Miguel et al., 2004).
The genus Thymus L., known as “Avishan” in Persian, is a wellnown aromatic perennial herb originated from Mediterranean
egion. Thymus genus plants are mostly woody stem, aromatic, ever
reen, durable and subshrubs and are usually found in calcic soil
∗ Corresponding author. Tel.: +98 7117203010; fax: +98 7117203010.
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and grass ﬁelds throughout Europe, Africa, and Asia (Ghahreman,
1994; Mehrgan et al., 2008; Rechinger, 1982). Among 215 species of
this genus grown in the world, Fourteen Thymus species have been
reported in Flora Iranica (Jalas, 1982; Stahl-Biskup and Saez, 2002),
four of which, T. carmanicus Jalas, T. daenensis Celak subsp. daenen-
sis Celak, T. daenensis Celak subsp. lancifolius (Celak) Jalas, T. persicus
(Roniger ex Reach. F.) and T. trautvetteri Klokov & Desj.-Shost have
been known to be endemic (Rechinger, 1982). T. daenensis subsp.
daenensis is an endemic subspecies of Iran. Thymus daenensis subsp.
daenensis, a perennial dwarf shrub native plant to semi-arid zones
of Iran, is considered as an aromatic and medicinal plant. The aerial
parts of T. daenensis are commonly used as spices, condiments and
ﬂavoring agents (Rechinger, 1982; Zargari, 1990). Thymus species
are well known as medicinal plants because of their biological
and pharmacological properties. In traditional medicine, leaves and
ﬂowering parts of Thymus species are widely used as tonic and
herbal tea, antiseptic, antitussive, and carminative as well as for
treating colds (Amin, 2005; Zargari, 1990).
All species of Thymus are rich in EOs and often contain phe-
nolic compounds which are strong antiseptics (Naghdi Badi et al.,
2003; Seﬁdkon and Rahimi bidgoli, 2001). Previously, the chem-
ical compositions of the EOs from 11 populations of T. daenensis
subsp. daenensis were evaluated. carvacrol, thymol and geraniol
Open access under CC BY-NC-ND license. were found as the main constituents in the oils of the tested popula-
tions (Bahreininejad et al., 2010). Usai et al. (2011) have shown the
plant samples of Thymus ofﬁcinalis L. were packaged with appropri-
ate packaging material and stored at 20 ◦C or −20 ◦C for 12 months.
C-ND license. 
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ll the samples were hydrodistilled every three months. Appro-
riate packaging of air-dried and freeze-dried herbs resulted in
egligible quality loss up to one year of storage. The frozen and
tored thyme samples showed the best retention of thymol, the
ost important compound, as well as of -terpinene and Carvacrol.
The EO components of T. daenensis have been studied during its
henological cycle. Results indicated that the major components
f EO in all growth stages were thymol, -terpinene, p-cymene,
ethyl carvacrol and -thujene. The higher percentage of thy-
ol  (73.8%) was obtained in ﬂowering stage (Rustaiee et al.,
010).
But there are little chemical informations about compositional
hanges of EOs during storage and/or usage of Thymus species. It
s important for consumers and other parties concerned with aro-
atherapy to ensure the effectiveness and quality of EO products,
n addition to guaranteeing their safety. The inﬂuence of storage on
he chemical composition of EO from Leonurus cardiaca L. grown
ild in Vilnius and from commercial herbs showed that, contact
ith air induced oxidation of -caryophyllene and -humulene
uring storage of EOs in stoppered glass vessels when keeping
amples in refrigerator (Mockute et al., 2005). But, there is no
ata about the changes on EOs composition of T. daenensis dur-
ng its storage. So, the aim of the present study was  to investigate
he inﬂuence of storage on the chemical compositions of EOs of
. daenensis.
. Experimental
.1. Plant material and isolation procedure
The aerial parts of T. daenensis were collected from its wild
abitat in Sarvestan region, Fars province, at an altitude of 2300 m
bove mean sea level. Voucher specimen (No. 14508) was deposited
t the Herbarium of Fars Research Center for Agriculture, Shiraz,
ran. The plants were shade dried for 14 days at room temperature
20–25 ◦C).The EOs of all dried samples (100 g) were isolated by
ydrodistillation for 3 h, using a Clevenger-type apparatus accord-
ng to the method recommended by the British Pharmacopoeia
British pharmacopoeia, 1988). The distillated oils were dried over
nhydrous sodium sulfate and put in tightly closed dark vials for
urther investigations.
.2. EOs storage conditions
In order to investigate the impacts of different storage condi-
ions on the compositions of distilled oils, the oil samples were
ubjected to different storage temperatures such as, refrigerator
4 ◦C), freezer (−20 ◦C) and at room temperature (25 ◦C) for three
uccessive months until analysis. The oils analysis of all storage
reatments performed monthly. Moreover, to determine the exact
ffects of storage conditions on EOs compositions during the exper-
ment period, the fresh extracted oil was analyzed immediately
fter extraction. The extracted EOs were yellow in color and had
istinct sharp odor.
.3. Oil analysis procedure
GC analysis was performed using an Agilent gas chromato-
raph series 7890-A with a ﬂame ionization detector (FID). The
nalysis was carried out on fused silica capillary HP-5 column
30 m × 0.32 mm i.d.; ﬁlm thickness 0.25 m).  The injector and
etector temperatures were kept at 250 ◦C and 280 ◦C, respectively.
itrogen was used as carrier gas at a ﬂow rate of 1 ml/min; oven
emperature program was 60–210 ◦C at the rate of 4 ◦C/min and
hen programmed to 240 ◦C at the rate of 20 ◦C/min and ﬁnallynd Products 49 (2013) 97– 101
held isothermally for 8.5 min; split ratio was  1:50. GC–MS anal-
ysis was  carried out by use of Agilent gas chromatograph equipped
with fused silica capillary HP-5MS column (30 m × 0.25 mm i.d.;
ﬁlm thickness 0.25 m)  coupled with 5975-C mass spectrometer.
Helium was  used as carrier gas with ionization voltage of 70 eV. Ion
source and interface temperatures were 230 ◦C and 280 ◦C, respec-
tively. Mass range was from 45 to 550 amu. Oven temperature
program was the same given above for the GC.
2.4. Identiﬁcation of compounds
The constituents of the EOs were identiﬁed by calculation of
their retention indices under temperature-programmed condi-
tions for n-alkanes (C8–C25) and the oil on a HP-5 column under
the same chromatographic conditions. Identiﬁcation of individual
compounds was  made by comparison of their mass spectra with
those of the internal reference mass spectra library or with authen-
tic compounds and conﬁrmed by comparison of their retention
indices with authentic compounds or with those of reported in
the literature (Adams, 2001). For quantiﬁcation purpose, relative
area percentages obtained by FID were used without the use of
correction factors.
3. Result and discussion
There are little investigations about plant secondary metabo-
lites storage especially EOs as these metabolites are volatile and
potentially could be subjected to different alterations by storage
circumstances. Kumar et al., 2013 showed that the essential oil
content and composition were affected by harvest time and stor-
age conditions. Storage duration of ﬂowers at different temperature
also affected the oil content and composition. There was  8.5% and
27.6% reduction in oil content when the ﬂowers were stored for
24 h at 4 ◦C, and 18 ± 1 ◦C or 25 ± 1 ◦C, respectively. Parallel to the
increase of the storage time citronellol + nerol content increase.
Another report on four common EOs (Turek and Stintzing, 2012)
showed that different storage conditions can affected on the qual-
ity of selected essential oils. In this study most striking degradation
of monoterpenes observed in rosemary oil. Kazaz et al., 2009 inves-
tigated the effect of different storage temperatures (0 ◦C and 3 ◦C)
and durations (7, 14, 21 and 28 days) on oil yield and essential oil
components of oil rose (Rosa damascena Mill.). It was determined
that the effect of storage temperatures on oil content was not sig-
niﬁcant whereas the effect of storage duration was  signiﬁcant. The
effect of storage on the essential oil content and color of French Tar-
ragon (Artemisia dracunculus L.) leaves was  studied by Arabhosseini
et al., 2007. The results showed a reduction of the oil content and
changed color parameters during the storage period. The largest
changes of the essential oil content (about 50% after 30 days) and
color expressed by the hue value was  found for the material dried
at 90 ◦C.
In our study, the compositions of hydro-distilled EOs of T.
daenensis were determined at different temperatures and storage
times (Table 1). In total, 36 constituents were identiﬁed and quanti-
ﬁed in the T. daenensis EOs samples representing more than 99% of
total. The ﬁndings of the present investigation showed that pheno-
lic compounds (carvacrol and thymol) along with their precursors
(p-cymene and -terpinene) were the main compounds of T. dae-
nensis EO samples immediately after distillation and/or at different
storage conditions during the experiment period. The comparison
of EOs constituents of different temperatures and storage times
indicated that the amounts of main compounds were drastically
changed during storage at room temperature compared to those
of corresponding conditions (Fig. 1 and Table 1). In this regard, the
ﬁndings of our work showed that the concentration of constituents
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important results of the present study were the increasing trend in
T
C
Rig. 1. Changes of Thymus daenensis essential oil composition during 3 month stor-
ge  at room temperature.
ith a lower molecular weight decreased by prolonging the storage
ime especially at room temperature (Table 1). This phenomenon
an be due to evaporation, oxidation and other unwanted changes
n EO components during storage period (Baritaux et al., 1992;
ockute et al., 2005). It is clear that with passing time, lower boil-ng compounds markedly decreased in refrigerator and particularly
t room temperature conditions. However, it was  very slight in
reezing temperature (Table 1). For example, at room temperature,
able 1
omposition of Thymus daenensis EO during 3 month storage and at 3 temperatures.
No. Compound RI After
distillation
(%)
Refrigerator 
1 month
(%)
2 month
(%)
3 mo
(%)
1 a-Thujene 927 0.8 0.8 0.6 0.5
2  a-Pinene 935 4.3 4.3 3.5 3.1
3  Camphene 950 0.2 0.2 0.1 0.1
4  Sabinene 974 t t t 0.1
5  b-Pinene 978 0.6 0.8 0.8 0.8
6  3-Octanone 980 0.2 1.6 1.6 1.8
7  Myrcene 990 2.9 1.4 1.4 1.2
8  3-Octanol 999 0.3 0.3 0.3 0.3
9  a-Phellandrene 1006 0.2 0.2 0.2 0.1
10  d-3-Carene 1012 t t t t 
11  a-Terpinene 1018 1.8 1.9 1.7 1.6
12  p-Cymene 1028 8.3 8.6 8.1 7.9
13  Limonene 1030 0.5 0.6 0.6 0.6
14  1,8-Cineole 1036 0.4 0.4 0.4 0.4
15  (E)-b-Ocimene 1047 t t t t 
16  g-Terpinene 1062 10.1 10.5 10.1 9.9
17  cis-Sabinene hydrate 1072 0.5 0.5 0.5 0.5
18  Terpinolene 1089 0.1 0.1 0.1 0.1
19  Linalool 1105 3.6 3.6 3.7 3.9
20  1-Octen-3-yl acetate 1114 t t t t 
21  Terpinene-4-ol 1171 0.1 0.1 0.1 – 
22  a-Terpineol 1182 0.6 0.4 0.4 0.3
23  cis-dihydro Carvone 1196 t – – – 
24  trans-dihydro Carvone 1203 0.3 0.4 0.4 0.3
25  Thymol methyl ether 1236 1.3 1.3 1.3 1.3
26  Carvacrol methyl ether 1247 3.2 3.1 3.2 3.3
27  Thymol 1305 27.4 27.1 27.9 28.5
28  Carvacrol 1318 28.8 28.5 29.4 29.9
29  Thymol acetate 1359 0.4 0.4 0.4 0.4
30  Carvacrol acetate 1377 0.3 0.3 0.4 0.4
31  (E)-Caryophyllene 1423 1.7 1.7 1.8 1.8
32  Aromadendrene 1441 t t t t 
33  a-Humulene 1456 t t t t 
34  Bicyclogermacrene 1499 t – – – 
35  Spathulenol 1583 0.1 0.1 0.1 0.2
36  Caryophyllene oxide 1589 0.2 0.2 0.2 0.3
Total  (%) 98.4 98.5 99.7 99.1
I: retention indices relative to C8–C25 n-alkanes on the HP-5 column; t: trace < 0.1%nd Products 49 (2013) 97– 101 99
the changes in the amounts of some components are as follow:
-pinene was 4.3% immediately after oil extraction, then gradually
decreased to 0.5% and showed a trend of 88% decline at the end of
storage period. The trend of -pinene evolution following 1, 2 and, 3
months after EO storage was 3.1, 1.1 and 0.5%, respectively. The sec-
ond component which showed a same trend was myrcene which
is a monoterpene. This component was 2.9% in the beginning of the
experiment and reached to 0.4% at the end and showed a reduction
of approximately 86%. The concentrations of myrcene after 1, 2,
and, 3 months after EO storage were 1, 0.6, and 0.4%, respectively.
The p-cymene was the third component which showed a decreas-
ing trend with the storage time. The quantity of this component
was 8.3% at the time of oil extraction and then its amounts were
7.5, 5.8, and 4.7%, after 1, 2 and 3 months, respectively. The
concentration of this component decreased up to 50% after 3
months storage. Another important constituent which showed an
interesting alteration trend was -terpinene. As can be seen in
Table 1, at the end of the experiment, the quantity of -terpinene
drastically decreased by 53%. The amount of this compound at the
time of oil extraction was 10.1%, and then its proportions were
8.7, 6.2, and 4.7% after 1, 2, and 3 months, respectively. The mostthe quantities of thymol and carvacrol by the storage time at room
temperature. The thymol was  27.4% at the time of oil distillation,
reached to 34.7% after 3 months, showed an enhancement equal to
Freezer Room Temperature
nth 1 month
(%)
2 month
(%)
3 month
(%)
1 month
(%)
2 month
(%)
3 month
(%)
 0.9 0.8 0.8 0.5 0.2 t
 4.6 4.3 4.2 3.1 1.1 0.5
 0.2 0.2 0.2 0.1 t t
 t t t t – –
 0.9 0.8 0.8 0.7 0.5 0.4
 1.5 1.5 1.7 1.6 1.6 1.6
 1.5 1.5 1.3 1 0.6 0.4
 0.3 0.3 0.3 0.33 0.33 0.33
 0.2 0.2 0.2 0.1 t t
t t t t t –
 2 1.9 1.9 1.4 0.8 0.5
 8.7 8.6 8.6 7.5 5.8 4.7
 0.5 0.5 0.5 0.6 0.5 0.4
 0.4 0.4 0.4 0.6 0.7 0.7
t t t t t t
 10.7 10.6 10.6 8.7 6.2 4.7
 0.5 0.5 0.4 0.5 0.5 0.6
 0.1 0.1 0.1 t t t
 3.6 3.6 3.7 3.9 4.3 4.4
t t t t t t
0.1 0.1 – 0.1 0.1 0.1
 0.6 0.4 0.3 0.4 0.5 0.5
t – – t t t
 0.3 0.5 0.3 0.4 0.4 0.4
 1.2 1.3 1.3 1.3 1.4 1.5
 3.1 3.1 3.2 3.3 3.6 3.6
 26.7 26.9 27.2 29.1 32.3 34.7
 28.1 28.3 28.4 30.8 34.2 35.7
 0.4 0.4 0.4 0.4 0.5 0.5
 0.3 0.3 0.3 0.4 0.4 0.4
 1.7 1.7 1.7 1.7 1.6 1.5
t t t t t t
t t t t t t
0.1 0.1 0.1 t t t
 0.1 0.1 0.1 0.2 0.2 0.2
 0.2 0.2 0.2 0.4 0.7 0.9
 99.5 99.2 99.2 99.13 99.03 99.23
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6.6%. The increasing trend of this component was 27.4, 29.1, 32.3,
nd 34.7% at distillation time and after 1, 2 and 3 months storage
t room temperature, respectively (Fig. 1 and Table 1). It has been
hown that the frozen and stored thyme samples showed the best
etention of thymol, the most important compound, as well as of
-terpinene and carvacrol (Usai et al., 2011).
The carvacrol also represented a same trend like thymol. This
ompound showed an increase approximately to 23% at the end
f experiment. The quantity of carvacrol was 28.8% at the time of
il extraction and then its amounts were 30.8, 34.2, and 35.7%,
fter 1, 2 and 3 months storage at room temperature, respec-
ively. In this regard, it has been documented that -terpinene
ould be transformed to p-Cymene by aromatization and p-cymene
ikewise changed to carvacrol or thymol by hydroxylation pro-
ess (Dewick, 2002; Poulose and Croteau, 1978) which may  be
ccurred under storage conditions. The pathway of thymol for-
ation has been studied since the early 1960s when Yamazaki
t al. identiﬁed thymol as a terpenoid biosynthetic product despite
he fact that it is aromatic (Yamazaki et al., 1963). At the end of
he 1970s, experiments were performed in which the radioactively
abeled monoterpenes, -terpinene and p-cymene, were fed to thy-
ol  (Poulose and Croteau, 1978). Based on the ﬁndings of the
resent study, it was postulated that the biosynthesis of thymol
nd its chemical isomer, carvacrol, starts with -terpinene as ini-
ial monoterpene substrate and proceed via the aromatic p-cymene
s an intermediate (Fig. 2).
The results of this study showed that the proportions of the
wo main compounds, carvacrol and thymol, had a contrasting
volution trend during all storage stages when compared with
heir precursors (p-cymene and -terpinene). After 3 month, the
mounts of these two components were increased in all treatments
n particular at room temperature, but the quantity of their precur-
ors decreased (Fig. 1).
. Conclusions
The main process during storage of EOs is evaporation of
ompounds with a lower boiling temperature, mainly of mono
ydrocarbons. From the results of the current work, it is concluded
hat the EO of T. daenensis which was stored in freezer kept its
rimary quality in comparison with other two storage conditions
uring 3 month. Generally, the storage of T. daenensis EO at low tem-
eratures prevent from increasing or reducing the concentrations
f the oil components and help to keep the EO primary quality with
he least alterations. However, the results reported herein revealed
hat storage at room temperature, not only does not detract the
uality of EO, but also some important index components likend Products 49 (2013) 97– 101
thymol and carvacrol considerably increased. These ﬁndings
may  be extended to storage of EOs with the same chemical
characteristics. Furthermore, these achievements showed that EO
producers and consumers, who used these compounds in pharma-
ceutical and cosmetic industries, could employ this phenomenon
beneﬁts. In conclusion, storage of secondary plant products espe-
cially EOs, is an interesting research area which needs further
studies with different aromatic plants EOs constitute of various
components.
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